Abstract:-The aim of this paper is to present an interactive multimedia material, which can assist to the educational environment of electrical power quality courses and especially to those, which do not include laboratory exercises. This computer interactive multimedia course, which can be executed on any modern personal computer without any additional hardware or software, includes general power quality definitions, harmonic analysis, calculation of Total Harmonic Distortion (THD), power factor correction, passive filters, resonance phenomena, operation of active filters, operation of active voltage regulators, and operation of state of the art inverters. Finally, the contents of the proposed e-learning material will be presented and the implementation of some key interactive animations will be explained and analyzed.
Introduction
Power quality phenomena include all possible situations in which the waveform of the network voltage (voltage quality) or load current (current quality) deviate from an ideal sinusoidal waveform at rated conditions. For these reasons, today there is a growing interest to study the sources that create power quality disturbances and the techniques that are used to eliminate them [1] - [2] . In electrical power quality courses, there are a number of concepts that students traditionally have difficulty to understand because they are not so easy to be visualized. Students tend to view a course in electrical power quality as a dry experience, which does not go beyond mathematical manipulations and control techniques. These include phenomena on transmission and distribution systems such as harmonic creation, harmonic mitigation techniques, resonance phenomena, active regulation techniques, passive filtering and active filtering. Today there are the following three e-learning approaches, which can be used for course teaching assistance: a) intensive use of slide show presentations, b) creation of e-learning modules such as interactive flash animations, dynamic Web pages, or Java applets, and c) video lectures. Slide show presentations enable good visualization and smooth lecture performance where visual elements such as tables, diagrams, or images can be directly presented statically to the students. Video lectures let the students follow a particular lecture remotely and recall previous sessions. Flash interactive animations or Java applets are used for presentation as well as for individual training by the students at home. With modern computer hardware and software tools, interactive animations can be readily produced, and have been used to demonstrate power and power electronics circuits. At this point it is very important to mention that interactive animations are only used for visualizing a particular concept and are not replacing the theoretical and simulation analysis of a power or power electronics topology. Although e-learning material can be a useful didactic tool, the professors should retain control over the amount, order, and elements of material to be included in the lecture. The technology has reached the point where it is feasible to both create and use interactive animations in order to teach the difficult concepts of a specific course [3] - [8] . It has been found that students who are faced with principles of electrical power quality have problems in understanding and dealing with the high complexity of these systems and specifically when their course does not include laboratory or simulation exercises. The resources required to create animations for multimedia material are not expensive. Aside from the operating system, the software programs used to create the animations are available free from Internet sites. For the implementation of the proposed multimedia material the Macromedia and HTML software programs were used. The hardware required in order to execute these programs are typical computing facilities widely available today. The contents of the proposed multimedia material include the following topics: 1) Electrical power quality definitions 2) Power Factor Correction 3) Harmonic analysis 4) Passive resonant and low pass filters 5) Resonance phenomena 6) Parallel and Series Active filters 7) Power electronics inverters Finally, in the next section a number of animations are presented, which were created for the proposed multimedia course.
Proposed Animations
In this section some of the animations of the proposed multimedia material will be presented and analyzed in the sequence they appear in the course. At this point it should be mentioned, that each animation (main screen or slide) is supported by one or more screens. These supporting screens provide very short definitions, some useful equations or explanatory schematics (secondary or supported screen). Fig.1 shows two ((a), (b)) selected structures of the main screens and supported screens, which were used to implement the proposed multimedia teaching material. Fig.2 shows examples of such secondary screens. 
Harmonic Analysis Interactive Animations
In electrical power quality theory one of the basic mathematics that a student must know is the Fourier series analysis of voltage and current waveforms. The interactive animations, which were implemented in order to cover the harmonic analysis using Fourier series, are based on the following relations:
For the implementation of the interactive calculations of the Total Harmonic Distortion (THD) factor, the Harmonic Factor, and the RMS value of a waveform f(t) , the following relations are used: Fig.3 shows the slide of an interactive animation, which can assist the student to get familiar with the Fourier series analysis or synthesis of a waveform of this type. The user by selecting a certain number of harmonic components can synthesize a number of waveforms. Positive, negative, and zero sequence voltage harmonic components are those components that when are applied to electrical motors, can create torque harmonic components. These voltage harmonic components, which have a particular frequency, try to rotate the motor forward or backward or neither (just heats up the motor). The harmonic components of a three-phase system are given by: a,n n v ( t) V sin(n t) = ω ω
Where, n = the order of the harmonic component=1, 2, 3, Depending on the value of n, the phase voltages form a positive, a negative or a zero sequence harmonic component. When n = 3k-1 (k=integer) then the phase voltages form a negative sequence harmonic component, when n = 3k+1 then form a positive sequence harmonic component and when n = 3k then the phase voltages form a zero sequence harmonic component. 
Active Filter Interactive Animation
Interactive animations and diagrams allow the students to actually see on a computer screen how active power filters operate and consequently help them to more easily understand the theoretical part of a power quality course. Such interactive animations are the ones shown in figs 6 and 7. The active filters are implemented using semiconductor devices and particularly power electronics inverter topologies [9] - [10] . There are two basic types of active filters; the parallel active filter, which is placed in parallel to the AC network line and the series active filter, which is placed in series with the AC network line through a power transformer. The active filters are used for voltage and current harmonics mitigation and power factor conditioning. Fig. 6 shows the slide of an interactive animation of a parallel active filter, where the user by selecting a number of load current harmonics can visualize the respective current waveform of the load, as well as the current waveform of the active filter, that needs to be injected in order to compensate the load current harmonics and thus produce a sinusoidal source current waveform. Fig .7 shows the slide of a series active filter animation, which is used for mitigation of load voltage harmonics as well as for load voltage regulation. Fig.7 Interactive animation slide of a series active filter or active voltage regulator. In both animations the main component of the active filters is a power inverter topology, which converts a DC voltage to single-phase or three-phase AC voltage.
Inverter Interactive Animations
As it was mentioned before, the main component of an active power filter is the power inverter. For electrical power quality applications, there are mainly two types of inverters used; the two-level and the multilevel topologies. The two level inverter topologies, which are used in low to medium power range of applications, generate an output phase voltage waveform that is consisted of only two voltage levels. The multilevel inverter topologies [11] , which are used for high voltage, high power applications, generate at their output phase voltage waveforms with more than two levels. Figs 8 and 9 show the interactive animations of these dc-ac converters. Fig.8 shows the animation of a singlephase inverter and its operation flowchart, which was used to implement this animation. In fig.8 the user can select the operation point of interest of the inverter (output voltage and current values), then can see on the computer screen the current path of the inverter and the semiconductor devices that are conducting at this point of operation. Fig. 8(b) shows the flowchart of the operation modes of the two-level inverter, which was used to implement this particular animation. Fig. 9 refers to a 5-level multilevel-cascaded inverter that uses the sinusoidal pulse width modulation (SPWM) control technique. The output voltage levels, which are created by the 5-level SPWM inverter, are 0, +V, +2V, -V and -2V. This inverter is implemented using two inverter modules of fig. 8 and connecting their output in series. In order to create the voltage levels +V or -V the bottom inverter module is operating such that to generate these output voltage levels, while at the same time the top inverter module is operating in the so called freewheeling mode, providing a path for the load current with zero output voltage. In order to create the voltage levels +2V or -2V, both inverter modules are operating such that each one creates a +V or -V output voltage level. In order to create a zero output voltage level, then both inverter modules must operate in the freewheeling mode, providing a path for the load current to circulate and at the same time creating a zero output voltage. The user, by selecting the operation point of interest can watch the current path and the conducting semiconductor devices. Fig. 9(b) shows the flowchart of the operation modes of the 5-level SPWM cascaded inverter, which was used to implement the animation. 
Conclusion
In this paper a multimedia course for an electrical power quality course was presented, which can be used as additional educational material for the visualization and understanding phenomena of an electrical power quality course. A number of computer animations were presented and analyzed, which can assist to the educational environment of an electrical power quality course and especially in the absence of suitable laboratory exercises. In order to implement these animations, software packages available free-of-charge from the Internet was used. The computer animations included harmonic analysis, resonance phenomena, active harmonic elimination, active voltage regulation, and inverter operation. These animations have already been utilized in undergraduate electrical engineering courses and a very positive feedback was received from the students.
